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DETROT AND ST, CLAIR RIVER TRANSI ENT MCDELS*

Frank H Quinn and John C Hagman**

A series of hydraulic transient models have been devel oped
for the St. Cair and Detroit Rivers to simulate hourly and daily
flow rates. These flows are necessary for water quantity and qual -
ity studies of the Geat Lakes. This nmemorandum describes the math-
ematical nodels, their calibration, sensitivity, and applications
so that nodelers and water resource planners can make use of them
in their studies.

1. I NTRODUCTI ON

Because of the recently intensified concern about pollution and shore
erosion, many studies have been undertaken to investigate water quality and
to forecast water levels. O special interest to those people studying Lakes
Huron, St. Cair, and Erie are the flows in their connecting channels, the
Detroit and St. Clair Rivers. The US. Arny Corps of Engineers has periodically
measured the flows in the Detroit and St. Cair Rivers, but such neasurements
are time consuning and expensive to nake. It becane apparent that flow nea-
surenents could not be made during every water quality study. Thus a nethod
of accurate flow sinulation was needed. Unfortunately, the existing stage-
fall-discharge equations did not effectively sinmulate the unsteady flows char-
acteristic of the Detroit and St. Cair Rivers on the tine scales necessary
for many water quality studies. Therefore, a transient or unsteady flow nodel
was devel oped by the Lake Hydrology Goup of the Geat Lakes Environnental
Research Laboratory.

The purpose of this Technical Memorandum is to describe the Detroit and
St. Cair Rvers transient nodels, their calibration, sensitivity, and appli-
cations so that nodelers and planners can make use of themin their studies.
Sﬁrrpl es of the conputer programs and input and output formats are appended to
this report.

* GER. Contribution No. 106.
% Present affiliation: Wsconsin Department of Natural Resources.



2. MATHEMATI CAL THECRY
2.1 Equations of Continuity and Mtion

The equations of continuity and notion in open channels can be expressed
as ternms of flow Q and stage Z above a fixed datum such that
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wher e X = distance in the positive flow direction
t =time
A = channel cross-sectional area
T = water surface top width of the channel
g = acceleration due to gravity
R = hydraulic radius
n = Manning's roughness coefficient.

Equations (1) and (2) can be placed in finite difference form at point
Min the grid shown in Fig. 1 and yield
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where prime indicates |ocation and overbars indicate nean, such that
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Equations (3) and (4) formthe basis of the nodel. A stable solution
for (3) and (4) is provided by the weighting coefficient © Through enpirical
anal yses and a test study (Quinn and Wlie, 1972), a & value of 0.75 was cho-
sen to provide stability to the conputations.
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Figure 1. x-t grid for the inplicit method.

2.2 Exanple

An idealized formof the total Detroit River connecting Lake St. Clair

and Lake Erie is shown in Fig. 2.
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Figure 2. ldealized plan view of the
Detroit River.



When equations (3) and (4) are applied to the three reaches in Fig. 2 and the
continuity equation applied at Section 5 the follow ng seven equations
result:
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Since there is a common Water surface at the junction (z, vtz ' = Z N,

the equations contain only nine unknown variables: b

and Q (i=1 to 6)°

1 1 1
Z,'s 255 Zg's
The water levels of Lakes St. clair and Erie are recorded as a function of
time. Thus the other seven unknowns can be solved for, using the seven siml-

taneous equations. The initial values of all nine variables nust be known at
time t, but can be conputed frominitial steady state conditions

The nonlinear equations are handl ed nunerically by using the Newton-
Raphson approach (Hildebrand, 1956). The equations are altered at each tinme
step to forma linear set of sinultaneous equations, which are solved succes-
sively for unknown adjustnents to the variables. The adjustnments are applied
to the original set of equations until an acceptable tolerance is achieved.
The values of the variables in two consecutive iterations are related by a A
quality such that:

= (2 ‘)trlal AZ5 (8



and

Q' = Q") + aQ, for i =1to 6.

trial

The A quantities or adjustnents are evaluated by solving the follow ng
equations:

af , 6 af.
fj +—5217-A25 + 3 ?R§T-AQ1 =0, (9)
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where j varies from1l to 7.

The values of f, and all partial derivatives are evaluated at the known
val ues of the previoés iteration. The seven adjustnents represent the correc-
tions to flows and water levels and are applied as in equation (8).

The partial derivations in equation (9) are given for reach 1 (Fig. 2)
as follows:
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The variation of A, with respect to Z_' was not included in equation (10)
or (12) owing to the i hor i mport ance of tRe variation. The coefficients in
the equations can be easily manipulated in matrix form (Quinn and Wlie, 1972).
Applications of the equations follow

3. DETROT RIVER MXDELS
3.1 Model Scope

Two different Detroit River transient nodels have been devel oped. The
total model spans the river fromthe head at Wndm Il Point in Detroit, Mich.,
near Lake St. Clair, to the mouth at Ferm, Mich., on Lake Erie, with an
intermedi ate section at Wandotte, Mich., This nodel of the river branches
to give the flow in the channels on either side of Gosse Ile (Fig. 2). The
upper river nodel spans the Detroit River from Wndm |l Point to Wandotte,
above Grosse Ile, wWith an internediate section at Fort \Wayne in Detroit.

These mathematical nodels use the one-dinmensional equations for continuity
and notion presented in Section 2. The unsteady flow of the river between the
water |evel gages can be conputed when the necessary hydraulic paraneters are
known for input into the equations and nodel calibration has taken place.

3.2 Hydraulic Parameters

The hydraulic paraneters for the reaches spanned by the nodel are given
in Table 1. The parameters include the mean area, reference area elevation,
|l ength of reach between gage |ocations, and width of channel. One can cal cu-
late the flows using the water |evels recorded at the gages and the change in
water level or fall between gages. The tinme step for the flows depends upon
the time step of the water level data. The nodels have been run on I-hour,
| -day, and |-month intervals.

3.3 Model Calibration
Calibration of the nodel consisted of adjusting the roughness coeffi-
cient, the unknown in the flow equation for each reach in the river. The

equation used to conpute the roughness coefficient is

1/2

_ 1486 AR [ usue - veDN) + Paa
n==a i 3 , (15)
32.2 LA
wher e n = Manni ng roughness coefficient
A = nmean channel area
R = hydraulic radius
Q = flow through channel
WSUP = water surface at upstream gage



Table 1. Detroit River Hydraulic Paraneters

Aver age Ref erence
Reach from - wi dt h Length el evation Base grea
to (ft) (£t) | GLD* (1955) (fta)

Wndm || Point-

Fort \yne 3650 54, 400 571. 2 85, 960
Fort Wayne-

Wandot t e 3510 37, 800 570.5 92, 800
Wndm || Point-

VWandot t e 3590 92,220 570. 93 88, 780
Wyandotte-

Ferm east of 5055 48, 630 570. 80 81, 700

Gosse lle

Ferm east of
@ osse Ile- 1685 54,150 569. 47 20, 800
Trent on Channel

*IGLD - International Geat Lakes Datum

WEDN = water surface at downstream gage
AA = change in area of river from upstreamto downstream gage
L = length of reach from upstream to downstream gage.

Two nethods were used to derive the Mnning roughness coefficients for the
various reaches between water |evel gages along the river. The first nethod
was to derive the n's or roughness coefficients from actual discharge neasure-
nents by using equation (15). This nethod was used to establish roughness
relationships for the reaches Wndm || Point-Fort Wayne, Fort Wyne-Wandotte,
and the Trenton Channel between Wandotte and Fernmi. The second procedure,
used for calibrating the Wndm||-Wandotte and the Wandotte-Ferm reach east
of G osse Ile, applied averaged nonthly sunmmer flows from 1964-1973 as conputed
by the Wndmi |l Point-Fort Wayne-Wandotte nodel. In this manner consistency
was maintained between the two Detroit River nodels. The roughness coeffi-
cient from Wandotte to Ferm was derived by using the measured percentage of
river flow east of Gosse Ile.

Figs. 3 through 5 depict the relationships established between the stage
of the river of the named gage and the roughness coefficient for that reach,
based upon flow neasurenents nmade by the Corps of Engineers. Figs. 6 and 7
show the relationships derived from computed and averaged flows and |evels.
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Table 2 summarizes the roughness coefficient and basis used to determine
the coefficient for each reach along the Detroit R ver.

Table 2. Detroit River Roughness Coefficients

Reach from-to Roughness coefficient, =n Fl ow basi s
Wndm || Point-

Fort \Vyne 0.0006875 wp - 0.3714 Measured flows
Wndm || Point-

Wandot t e 0. 0004198 W, - 0.2171 Conputed flows
Fort Wayne-

Wandot t e 0.0241 Measured flows
Wandot t e-

Ferm east of 0.001241 Ferm - 0.6776 Conputed flows

Gosse lle
Wandot t e- 0.0253 Measured flows

Ferm Trenton Channel
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3.4 Sensitivity Analysis

An analysis was nmade of the sensitivity of the Detroit River nodel to
changes in the water levels or roughness coefficients of the reaches. \Water
| evel data are generally accepted to be +0.02 ft, which is the accuracy of
the water |evel gages. Flows were conmputed to see the effect of a 0.02-ft
water |evel change as well as a small percentage change in the roughness
coefficient. Table 3 summarizes the effects of these various changes on the
conmput ed fl ows.

For every 2-percent change in the roughness, there is a |-percent change
inthe flows of the total river nodel. This is about the sane effect as a
0.02-ft gage |evel change. Conputed flows that agree within 2 percent or 4000
cubic feet per second (4 TCFS) can be considered equal.

Table 3. Detroit River Model Sensitivity

Sensitivity

Change Ef f ect (% change in flow
Wndm |l Point + 0.02 ft Increase flow 18 HCFS* 1%
Change roughness I ncrease flow 17 HCFS 1%

Fort \yne-Wandotte

- 0.0006 or 2%
| ncrease roughness Decrease flow in channel 1%

of Trenton Channel 4 HCFS;, no effect on

+ 0.0003 or 1% total flow
Wandotte - 0.02 ft Increase flow 20 HCFS 1%
Wndm Il Point + 0.02 I ncrease flow 30 HCFS 2%

ft and Wandotte

- 0.02 ft

*HCFS - hundreds of cubic feet per second.

3.5 Conputer Prograns
The conputer program of the Detroit River Transient Mdel was first devel-

oped at the Lake Survey Center in the |ate 1960's. A newy calibrated version
of the total river nodel program and an exanple of output for June 1976 are
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given in Appendix A The program flags partial data with an asterisk and ms-
sing data with an "e" as estimated. This and other versions of the program
are available from the Lake Hydrology Goup of the Geat Lakes Environnental
Research Laboratory.

4, ST. CLAR RIVER MODELS
4.1 Mdel Scope

Several St. Cair Rver nodels have been devel oped. They span part or all
of the river fromFort Gatiot, near Port Huron, Mich., to St. dair, Mich.,
mdway down the river to Lake St. Cair. Four water |evel gages are placed
along the river, including those at Fort Gatiot, the mouth of the Black River
(MBR) in Port Huron, Dry Dock in Gant Place in Port Huron, and St. Jair.

Three gages are used in each of the mathematical models with the mdstream
gage used primarily for a check on the flow value nade by conparing the neas-
ured water level at the mdstream gage with the computed |evel from the nodel.
Once again the nodel s use the one-dinensional equations for continuity and no-
tion presented earlier. The following St. Cair River nmodels are currently
operational :

Fort Gatiot-MBR-St. Cair
Fort Gatiot-MBR-Dry Dock

Fort Gatiot-Dry Dock-St. Cair
MBR-Dry Dock-St. Cair

4.2 Hydraulic Paraneters

The hydraulic paraneters used in the conputation of the St. Cair R ver
flow are displayed in Table 4. Wth this data and the water levels from any
three gages along the St. Cair Rver, flows can be conputed by using the
calibrated roughness coefficients.

4.3 Model Calibration

Calibrating the St. Cair River roughness values involved conputing the
Manni ng roughness coefficients from neasured river flows and recorded water
levels. Al roughness coefficients for reaches along the St. Qair River
were conputed by the sane nethod using equation (15). As a check, flows were
transferred from the Detroit River, including the effects of the net basin
supply (precipitation, runoff, and evaporation) to the St. Cair River.

12



Figs. 8 through 12 depict the relationships between the conputed rough-
ness coefficients for each reach and the stage of the river at the adjacent
water |evel gages during flow neasurenents from 1959 to 1973.

The downstream reaches were affected by the change in regine between 1959
and 1963, when the shipping lane was dredged. For these reaches a separate
roughness coefficient was computed for each regine.

Some points were omtted fromthe plots due to possible gage errors or
questionabl e measured flow values. The best-fit relationship between rough-
ness and water levels was derived from the graphic plots and/or regression
anal yses. Table 5 sunmarizes the calibrated roughness coefficients for all
reaches along the St. dair River.

Some of the gages along the St. Cair River were noved during the period
of the study, 1959-1976. Although an effort was nmade to neasure any vertical
change in gage level, there was a change in the apparent hydraulic regime due
to a difference in the river velocity at the new gage location (Quinn, 1976).
The Fort Gatiot and St. Cair water |evel gages were nmoved in 1970. Al the
hydraul i ¢ computations of discharge equations and transient nodel calibrations
were based on the original gage locations. As a result of a conparison study,
it was found that water levels fromthe new Fort Gatiot gage should be
reduced by 0.18 ft and that water levels fromthe new St. Cair gage shoul d
be increased by 0.09 ft to agree with the measurements taken prior to 1970.

Table 4. St. Jdair R ver Hydraulie Parameters

Aver age Ref erence Base
Reach Wi dth Lengt h el evation are*
from- to (ft) (ft) T6LD* (1955)  (ft )
Fort Gatiot-

VBR 1550 12, 560 576. 3 51, 140
FoR} y Gh3tkot - 1760 25, 490 576. 1 54, 800
MBR-Dry Dock 2108 12,930 575. 6 60, 900
MBR-St. Jair 1930 60, 410 574.5 51, 205
Dr ¥ Dogjg; 2490 47,150 574.8 64, 600

*IGLD - I nternational Geat Lakes Datum

13
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Table 5. St. Clair River Roughness Coefficients

Reach Roughness coefficient, n
Fort Gatiot-MR 0. 000570 FG - 0.2940
Fort Gatiot-Dry Dock 0. 000306 FG - (- 0.1476)
MBR-Dry Dock 0.0235

: 0. 0205 current regime;
MBR-St. Cair 0.0214 '59 - ' 63 regine

: 0.0250 current regime;
Dry Dock-St. Clair 0.0261 '59 - ' 63 regime

4.4 Sensitivity Analysis

The sensitivity of the St. Cair River nodel from Fort Gatiot to MBR
to St. Cdair was analyzed to see the effect of changes in roughness or water
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level data. Since the accuracy of the water |evel gages is 0.02 ft, flows
were conputed with the Fort Gatiot and St. Cair gage |evels changed by 0.02
ft to examine the effect on the conputed flows. Table 6 summarizes the chang-
es made, effect of the changes, and sensitivity of the nodel to the changes.

For every 2-percent change in roughness, there is less than a 1.5-per-
cent change in flow. A water |evel gage error of 0.02 ft has |ess than 1-
percent effect on the conputed flow  Because of these potential errors, if
different nodel flows agree with 4 thousand cubic feet per second (TCFS) or
2 percent, they can be accepted as equal.

Table 6. St. Clair River Model Semsitivity

Change Ef f ect Sensitivity
Roughness decreased Increase 2%
0.0005 or 2.5% flow 30 HCFS*
Roughness i ncreased Decr ease 3%
0.001 or 5% fl ow 58 HCFS
Fort Gatiot Increase flow <1%
+ 0.02 ft 10 HCFS
st. dair Decrease flow <0.5%
+ 0.02 ft 1.5 HCFS

*HCFS - hundreds of cubic feet per second.

4.5 conputer Programs

St. dair River nodels have been devel oped that use water |evel data
either from punch cards or from conputer disk pack files. Versions of the
nodel can operate on hourly, daily, or monthly time steps. Appendix B is
a listing of the Fort Gatiot-MBR-St. Cair nonthly nodel with data card
input. An exanple input is listed and an exanple output shown.

5. RECOMMENDATIONS

It has been shown that the transient hydraulic river nodels devel oped
for the Detroit and St. Cair Rvers can efficiently sinulate the actual
nmeasured river flows. It is therefore recomended that future studies use
the conputed flows derived from the river nodels rather than measured flows,
which are expensive and time-consuming to perform Additional calibration
measurements should be performed as required.
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There are many potential uses for the conputed river flows produced by
the nodel s developed at GLERL. The authors believe that, owing to the inclu-
sion of continuity and notion equations in the conputation of flows, these
nmodel s better represent the actual flow characteristics of the Detroit and
St. Cair Rivers than conventional stage-fall-discharge equations.

Therefore, we recommend that flows conputed from the transient nodels
be used for water quality studies, input in ecological nodels, water |evel
predictions and forecasts, and ice retardation identification. The nodels
can also be used to sinulate average flow velocities in the river cross
sections. The nodels could also be adapted to other rivers for sinulation
of their flows. Both the nodels and conputed flows can be obtained from
the Lake Hydrology Goup of the Geat Lakes Environmental Research Laboratory.
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APPENDI X A.  Detroit River Transient Mdel and Qutput, 1976, 24.0-hr |ncrenents

Starting elevations: Wndmll

Point = 514.79
Wandot t e = 573.42
Lake Erie = 571.99
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Crasn

999

2

2800

5000

PROGRAM DMODT CINPUT s OQUTPUT s TAPES=INPUT s TAPE6=0OUTPUT,
1 TAPE22+TAPE23+TAPE244TAPELL1)

DETROIT RIVER TRANSIENT ANALYSIS UP-YYN-FERMI

FRANK H. QUINN PROGRAMMER

COMMON THOURUT24431)¢MEAN(31) «MEM oMAXV(31)4MAXD(3])

COMMON HMINH(3I1)4MIND(31)

COMMON MAXM{Z) oMINM(3)4ICoIGEAGE yMONAASIYRR4IDCELICY .

DIMENSION SUM(12)4AVEC12)91GAGECI)sISET(3)9IPAR(G4351)

DIMENSION CLOC3) o WS(B094)9QEB09T) o YVECTUTIoCUTI o XMTRX(ToT)
DIMENSION TU(3)eX{3)oANC3I)oAL3loU{3) e REIIoNWIEI s WVIE) sQACI) 4ADJC 3]
DATA IGES/#EST #/

DATA IBLANK /% &/

DATA 1AST I2x ¢/

READ IN GAGE NUMBERS: FIRST DOWNSTREAMy UPSTREAMe THEN MIDSTREAM
THEN THE BEGINNING YEAR AND MONTH AND THE ENDING YEAR AND MONTH
AND FINALLY ANY GAGE ADJUSTMENTS, IF NECESSARY. A AL L L RS L LS
READ(S54999) IGAGEs IYRAWMONA, IYRBeMONB ¢+ (ADJ(I)sI=1e3)
FORMAT( TISe3F10.2)

IFIRST = 0O
ISET(1) =
ISET(2) =
ISET(3) =
ISTART = 1
IEND = 43
Mx=5

NX=6
WRITE( NXe3000)

NVAR = 7

ANC2)=.0253

KKzZ=11

ANC=24,

DO 2 I=1412
SUM(I)=0. &

TH= .75

TH1=.25

MM=D

M=13

KA=24

RON o MONA

IYR = 1YRA

CONTINUE

DO 2005 JJ = 1.3

IW o1

IC = IGAGE(JJ)/10000

IGAG = IGAGE(JJ) =IC+~10008

CALL GAGEIOC(IWeICoIGAG sMONsIYReIBoIT+IDAsIDB4IDCLIER)
IFC IER) 6045000460

CONTINUE

KK = 1

DO 2000 J=ISTARTeIEND

ICODE = IGAG

DO 4000 I=1e¢2%

IFC IHOUR(IeKK)) 40054400544000

Figure A.1, Detroit River model.
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4000
4005
4010

6000

6005
6010
2000
2005

2500

10

Chrinn

20
Cannn

cf...

13

IPARCISET(JJ) yKK) IBLANK
GO TO 4010
IPARCISET(JJ) ¢KK)
CONTINUE
WS(JISET(JUY) 0 0.0
IF¢ MEAN(KK)) 6000.6000.6005
WS(JeISETLJJY) = OLDCJJ)

IPARCISET(JJ)+KK) = IGES
GO TO 6010
CONTINUE
WS(JeISETCJJUII=IMEAN(KK) . IB )/100.0 +ADJC(JI)
CONTINUE
OLDCJJY = WSCJeISETCJJ))
KK o KK+1
CONTINUE
CALL NODAYS{ IYReMON«OsNDMeNDYsJD)
IF{ IFIRST) 2500.2500.23
CONTINUE
DO 8 I=1sl2
WS{T+13=WS(1341)
WS(Ied)=WS(1344)
WSC(Ie3)=WS(13s3)
WS(1e2)=W5¢(144)
PRINT TITLES AND HEADINGS
URITEC NX.1020) 1YR
NRITEC( NXe1021) ANC
URITEC NXelD25) WS(1e3)eWS5(142)4NS(141)
WRITEC NX.1026)
DT=ANC=3600.
ASCDT=(27878400./DT) %430,
INITIALIZE MATRIX o I IS S S S S B S S S B B B
DO 20 1 = 14NVAR
DO 20 J = 1leNVAR
XMTRX (IedJ} = O.
DEFINE CONSTANT CHANNEL PARAMETERS 0 RIS R I I I
DEFINE CHANNEL WIDTHS
T(1) 5055.
T¢2) 1685.
T(3) 3590.
X(1) =48630.
X(3) O 92220.
M=1
COMPUTE INITIAL CONDITIONS o I B S B S S S B S
ANC1)=e001240T7#WS( Myl)=a6T755
ANC3)= .00041958+WS({MaI)=u2171
AC1)=81T700s +T(I1)*{aS0*(WS(Mel)+WS{Me2))=570.80)
AC2)=20800e +T(2)*( oSO+ {WS(My1)+WS(Me2))=569.47)
RC1I=AC1)I/T(1)
RE2I=A(2)/T(2)
Alel)= le4BE*A(1I*RE1II 2 {24/ 3a)*{WS(192)=WS(141))22,5/AN(1)
1/7X{1)#%,5
Q(le3)= 1o848B%A(2)2R(2) 2% (2a/3a) 2 (WS(142)=WS(1el))nu ,5/AN(2)

IAST

I non

Figure 4.1, Detroit River nodel (continued).
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36
18

23

22

C****

24

C****

25

1/X(2)x+,5

R(142)=GC1+41)

R(1e8)=0C1e3)

Q{1+5)= R(1¢2)+Q(144)

Q(1+6)=G(145)

WSL 242) = WS(1e2)

DO 18 I=1+6

B{242I)=0C141)

KB=48

M=l

CONTINUE

N = M+l

IF{WS(Nel)~1e)59459¢22

ANC1)=e0012807*WS(Mel1)=-o6T7755

AN(3)Y= o0004198»WS(Me3)=-e2171

DO 50 LL: 1.3

GAC1)=TH/2+.* (O (Ne1)*+Q(Ne2)I+TH1/2+2(Q{Ms1)+G(Me2))

BAC2)=TH/ 2% ({Q{N¢3)+QC(N9&G))+THL/2*{(QA(Ms3)+Q(My4a))

BACSISTH/2e*(G{NaSI*Q{NeEI)*THLI/2+*(Q(Me5)+QR(Meb))

Utl)= ARS(QA(1))

Ue2)= ABSIGA(2))

UC3)= ABSC(QA(3))

COMPUTE AREAS AND HYDRAULIC RADIUS 0 MRS
DAC1)=81700e+T(1) #CTH/2ea (NS(Ny1)+WS(Ng2)I+THI/ 244 (NS(Mg1)+NS{Me2))
1-570.80)
DAC2)=20B00a+TI2) % {TH/ 2% {WS{Ngl)+USINs2))+THLI/2%(WSt{My1)*US(Me2))

1-569.47)

DAC3)=BB780e+T(I)*(TH/2a % (WS(N92)+WStNe3))+THI/ 242 WS{Ma2)+US(Me3))
1-570.93)
DO 24 1-1.3

REIDI=ALIN/TC(I)
COMPUTE Y VECTORS L o o A o o T e e |
WWel) = WSINel1)+WS({Ne2)~WS(Me1)=-WE(Me2)

WH(2)=WW(l)
BNE3ISWSINg2ZI+NSINe3)-WS(Me2)-WS(Me3)

J=1
DO 25 1 = 143
1J = Jd+l

OYVECTCI)==tWWLI)/(2.#DTI+(TH*CQ(NoJ)=QUINgTUII+THI#(Q(MgJI=Q(MseIJ)})
13/7¢TCT)ax{12))

J = J+2
WW(EISTH*(NS{Ng2)=WSI{Ne3)I+THI*(WS(Me2)=WS(Me3))
Wia)= THY{WS(Nel)~WSI{N2))I+THI*(WS{Me1)=WS{Me2))
WHES)Y=WW(A)

WV(a)c WW(1)

WV(5)=WVI(4)

WV{6)=WN(3)

J =1

DO 30 I = 143

L=I+3

1J = J+1
0Z21=32.2*ANLI)+*ANCI)}*»GACT)»U(]) F(2¢2082%AL1) %22, #R(]) 2=
1(4.734))

Figure A.1. Detroit River model (continued) .
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22=32.2=-QACI)*ULTXI*TLIX/ ACI)*»3,)
Z3=WW L)/ x¢1)

Z4=~GA(I) *TCIISWVIL)/(2oDToA(I)**2,)
0Z5=QA(I)*(THA(G(NgJI=Q(NIUI)+THI*(Q(MeJ)=Q(MeIUIII/(A(I)#22+X(])
1)

26=(R{NeIJ)+QINe ) =B(MeIJ) =G EMy )P/ (2.2RA(I)*DT)
29 YVECTAL)==(Z1+422%Z23+24+725+726)
30 J = Je2
IYYY==(GINsSI-QINs2)=-Q{N+4))
YVECTE(TY=IYYY
Ceenn COMPUTE MATRIX Y332 2223223223223 2223022222 22222 A SR R 22 202 8
31 XMTRX(Ts4)=-1.
XMTRX{(T746)=-1,
AMTRX(T9T2=1,
XMTRX(1s1)= le/7(2*DT)
XMTRX (21 )=XMTRX(1+1)
XMTRX (3 41)=XMTRX(1+1)
XMTRX(1e4)==TH/CT{1)*X(1))
AXMTRX(2463==TH/C(T(2)2X(2))
XMTRX(Z2)==TH/(T(3)xX{3)}))
XMTRX(143)==XMTRX(1s4)
KXMTRX(2¢5)2=XMTRX(246)
AMTRX(I4T7I==XMTRX(3y 2)
OXMYRX (4912 2=032.2=QACI)Y*UC1)+TH(1}/CACLI*23,.3)/ X(1)+TH ~QA{1)=T(1)
1/7(2+*DT*AL1)2x2,)
OXMTRX(S51)==(32.2=QAC(2)2UL2)*TI2)/CAC2)*%34))/ X(2)*»TH -QA(2)*T(2)
1/7(2.+DTHA(2)%22,)
DXMTRXCE41)= (32.2=-CA(3)sUC3II*TLIY/CAL3I**xT))/ X(3)=TH ~GA(3II2T(3)
17(2.*DT*A(3)x22,)

2Z21=ABS(GA(1)}
OP1=32e2#AN(1)#%2 #2721 *TH/(2.2082+AC1) %22, +R{1)I**{4./34))-QA(1)

1+TCI)/ZACLI) 223w (TH* (WS(Ng1)=WS{Ns2))+THI*(WS(Me1)=WS(Me2)))*TH/XI
21)=TH2T (1) (WS(Ngl1 ) +WS(Ns2) ~WS{Mel)}=WSIMe2) )/ (42DT2A(1)wx24) ¢+
ITHe (TH* (A (N1 =Q(Na2))+THIX (G Mg -G Me2)))/(2s%A(1)#r2.%X(1))
ZZZ2=ABS(QAL2)) .
OP2=3242+AN(2) 42442772 *»TH/(2.20B2%A(2) » a2, vR(2)**(4./34))~QGA(2)
1% TL2)/A(2)wa3 a(TH*CWS{Ns1)-WSENs2}I+THI» (WS(Me1)=-WS(My2))I*TH/ XL
22)-THeT(2)otWSEN 1) +WSIN 21 =WS(Mel1)-WS(Me2))/(442DT2A{(2)n22,)+
ITH* (TH*(Q(Ng3)=QCNedII+THI*(Q(MaII~Q(Mya) I/ (2.+A(2)#22,%)%(2))
2ZZ32ABSCRAC3))
OP3532e20ANC3)%*2 4 %7723 *TH/(2.20B2%A(3) a2, »R(3)4»(8,./3.))~-QA(3)
1TU3)/BC3) a3 an (TH* (WSINe2)=MSNeI) )+ THI* (WS (Me2)=WS(Me3)))=TH/X(
23)=TH*T{II*{WSIN92)+WS{Ns3)=WS(Ma2)=WS(Me3)) /L b ssDTHA(3)rn2 )+
ATH*{TH=(Q (NgSI=Q(NsEII+THIX(QI(MySI-QIMeEI )/ (24%A( () **2.+X(3))
XMTRX (4 43)=QACLIATH/CACL ) 2x#2.4X(1))+1./(2.%A01)*DT)+P]
XMTRX(5+45)=0A(2)#TH/CAC2) 202 424X (2))+1+/{2.*A(2)*DT)+P2
XMTRXCE ¢ TIZQACII ATH/CALI ) wa2 .2 X(3))+14/(2a*A(3)*DTI+P3
XMTRXCG08)==GACLY*TH/(ACL) %22, #X(1))+14/(242A(1)x0T)+P1
XMTRX{(S96)==GAL2INTH/(A(2) %424 #X(2) )41 4/ (2o%A(2)+DTI+P2
XMTRYC6e2)==QA(II*TH/ (A(I) w22 o#X(3))3+1a/(24%A(Z}2DTI+P3
200 S1==XMTRX(6¢2)/XMTRX(342)
S2=XMTRX (691 )+S1#XMTRX(341)
SI=XMTRX (64 T)+S1#XMTRX(247)

Figure 4.1. Detroit River model (continued).
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219

253

260

265

50

51

S4=YVECT(EI+S1+YVECT(3)

S5=-XMTRX (44 3)/XMTRX(143)

SE=XMTRX (4491)+S52XMTRX(141)

ST=XMTRX(4498)+SS5+XMTRYX(194)

SB-YVECT(4)+S5+YVECT (1)

S9=-XMTRX(5+5)/XMTRX(2+5)

S10=XMTRX(Ss1)+S92XMTRX(2s1)

S11=XMTRX (Se6)+ST+XMTRX(246)

S12=YVECT(5)+59«YVECT(2)
C1)=(S58/ST+S512/511~54/53)/(56/57+510/511-582/83)
C(7)=54/53=-52/53+C(1)

C(4)=SB/ST-36/ST*C(1)

C(6)=5812/511~510/3511+C(1)
CC2)=(YVECT(3)=XMTRX(3¢TI*C(TI)=XMTRX(341X%CC1))/XMTRX(342)
CC3I=C(YVECTCLI)=XMTRX(144)*xCa)=XMTRX(19e1)3*CC(1))/XMTRX(143)
CLSISHYVECT(2)=XMTRX(246)*CUEY=XMTRX(291)%CC1))/XMTRX (245)

WSENs2) = WSINe2) +C(1)
G(N+HI=Q(Ne6I+C(2)
@(Ns1) = Q(Ne1) +C(3)
Q(N#2) o Q{Ne2) o C(4)
Q(Ne3) = Q(Ne3) o C(5)
B{Ne4) = Q(Nos4) o C(6)
Q(NsS) = Q(NeS) o C(T)
CONTINUE

JB=N+1

WS(JUBe2) 22 *WS(Ns2)~WS(Me2)
BUJUBeb)=2+*Q{Neb)-Q(Ms6)
GT=Q(Ns1)+Q(Ns3)
DEV=WS(Ne2)~US(Ne4)

MM=MM+]1

NM=MM-KK2Z

IF(NM)IST7e5Te53

S3WRITE( NXel045INMyMONGWSIN+s1)sIPARCLI4NM)y HWS(No2),

57
58

2333

1 VYSCN.3). IPAR(C3ZIeNM)eQ(Ns1)sG(Ne2)eQ(Ne3)
290(Ne@)¢QCNy5) 9B (Ns6) QT sWSENg43) g IPAR(A4NM)y DEV
SUMII)= SUMC1)+WS(Ns1)

SUM(2)= SUM{2)+WS{Ns2)

SUME3)= SUM(3)+WS({N+3)

SUMCG)= SUM(4)+Q(NeY)

SUM(S)= SUM(S)+Q{N+2)

SUMIB)Y= SUM(E)+Q(N3)

SUMITY= SUMIT)I+Q(N+4%)

SUM(B)Y= SUM(BI+Q(N+5)

SUM(9)= SUM(9)+Q(Ne6)

SUMC10)=SUM{10)+GT
SUM(11)=SUM{11)*WS(Ns+4)
SUMC12)=SUM(12)+DEY

DO 5B I=145

BCJBeI)=2+*Q(NeI)=00(My])

M=M+1

IFC M=-KB) 233342333459

CONTINUE

IFU NM=NDM) 23+59,459

Figure 4.1. Detroit River nodel (continued).
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59 CONTINUE
52 DO 65 I=1el2
65 AVE(I)=SUMII)/NM

WRITE(NX91060) (AVE(IdsI=1412)

WRITEC( NX»3000)

IFCIYR-IYRB)I3200¢3300¢3300
3300 IF(MON-MONB)3200460¢60
3200 IFC(MON=12)34004+3100+3100
3100 IYR=IYR+1
3400 WRITFEA(NX+1020)TYR

WRITEC NXel1021) ANC

WRITEC NX.1026)

DO 69 I=1412

69 SUM(I)I=D.

DO 63 I=1l¢6
BCleI)=Q(NeI1)
63 Q€24I13=QC(JBy1)
WS(lal)=WS(Msl)
WS{142)=WS(Ms2)
WS(242)=WS(JURG2)
WS{143)=WS(M4e3)
C UPDATE MONTH AND YEAR

MON = MON+1

IF¢ MON-13) 21001 2150.2150
2150 MON=1

C CHECK TO SEE IF ANY MORE DATA SHOULD RE PROCESSED
2100 IF1 IYR=IYRB)2300+2200460
2200 IF( MON=-MONB) 230042300460
2300 CONTINUE
MM=0
KKZ=0
M=]
KB=36
ISTART = 2
TEND = 32
IFIRST = 1
GO TO 2800
60 WRITE( NXe3000)
STOP
Canex FORMAT STATEMENTS LAARAREERESEEESREERE SR ER LR EEE S R R R R PR gy

1020 FORMAT (//7//7/737X¢30H DETROIT RIVER TRANSIENT MODEL//50Xse

1021 FORMAT(39XsFS.141X920HHOUR TIME INCREMENTS//)

1025 FORMAT(24Xe20HSTARTING ELEVATIONS!2X017HHIND“ILL POINT = o FfGa2as
1706 X+ SHWYANDOTTE 46X a2H= +F6e29/46X9FHLAKE ERIE 46X e2HS oF6e277)
10260FORMATUTX 9 3HDAY 92X 9 IHMON e 2X s 4HERIE 9 SX « 3HWYC 96X ¢ 2HWP s 7T X 9 3HGWE 96X 9 3H

10WWe6X e SHATE b X o 3HATW A EX ¢ IHAWY 96X 9 IHOWP 9 6 X ¢ 2HAE 46X s 3HWYM o S5X ¢ SHDEV/

2)

1045 FORMAT(TX9I342XeI29F8s20¢ Al oFBa24FBeZ9Aly

2 T(FF.0)s FBa29A1¢Fb6a2)

1060 FORMAT(/TXe3HAVE 46 X9Fbelelle2(2XaF6e2)olXaT2XoFTa0le2XoF6e24F742)

3000 FORMAT(IH1)
cND

Figure A.1. Detroit

Ri ver
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Tabl e A4.1.

Detroit R ver Model January Output

DAY MoN ERIE wWYC UpP QWE GWW QTE
H 1 571.99 573.49 574.79 161723. 161723. 50638.
v i 571 «8°9 573.36 574 .65 159030. 159225. 49916,
R 1 570.61 572.72 574 .29 176557. 173623, 54187,
4 1 570.47 572 .57 CT4.28 182034. 182663. 52088.
3 1 571.57 57306 ET4e45% 164460. 167267 . 48273.
& 1 571.€1 573.28 5T4 b6 166185, 165734. 51600.
7 1 57164 573.33 574.76 170613. 170916. 52254.
H 1 571.34 573.30 574.90 180125, 179400. 55366 .
a 1 570.67 ET73a0E 574 .91 194083. 192595. 58250.
16 1 57160 573.37 575.01 181683. 1R4527. 53299.
11 1 571.35 573.39 175.02 182€C0. 181223, 56795.
e 1 571.35 573421 574 .98 183800. 184111. 55355.
1z 1 571.67 573.40 574.91 174309. 174985. 53188.
14 1 570.53 5772.99 S5T4.81 197590. 189419. 58900.
15 1 571.59 573.21 574.77 175559. 179040. 50657.
16 1 571.34 57318 DHT74a464 171053. 169370. 53369.
17 1 571.73 573.23 574 .59 163685 165079. 49282.
16 1 571.7: 573.27 57T4.5F 161428. 161068. 50272.
1% 1 571.56 573.15 574.49 162977. 162604 . 50065.
2% 1 511.35 S73.01 574 .38 164302, 163820, 50146.
21 1 BE72.289 B72.96 574 .35 165274. 165243, 49885,
2: 1 571.50 573.33 574 .34 160241 160784, 48461 .
27 1 571.86 ET3.1¢ 574 .31 149856. 150613, 46002,
24 1 571.60 573.05 ET4.18 148905, 148159, 46335.
25 1 572.11 573.17 574.11 135980 137323. 41881.
2h 1 571.45 572.34 574 .12 152218. 150056 47843.
27 1 571.52 57291 “74.11 152257 153028, 45854 .
286 1 571.51 “372.93 574.12 152043 151R810. 4ESET
< 1 571.371 57287 574 _1: 156037. 155747. 47453.
30 1 571.30 573.55 574 .17 147047. 148293%. 44654 .
32 1 571.5" £T72.89 ET74,00 147012 145772. 45621.
AVE 571.46 573.12 574 .51 1656%2, 16533, 50466 .
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Table A.I. Detroit River Mdel Jamuary Output (continued)

DAY MON QTw QWY QwP Qr WYM PEV
1 1 50638. 212361. 212361. 212361. 573.42 «07
2 1 49766. 20B9%1. 208344. 209546. 573.33 <05
3 1 528T75. 22589B. 223522. 230744. 572.€0 «12
4 1 F2322. 234985. 23%270. 234122. 572.54 o032
5] 1 49115, 216%R2. 218£140. 212733. 573.11 -+05
b 1 51433. 217166. 217734. 217785. S573a.4¢ —alH
7 1 52366. 223282. 223%28e 2L2E6Ee 573.65 -a32
8 1 55097. 234497. 234¢49, 235490. 573.651 ~ 43¢
9 1 ©76%8. 250204. 24%¢51e. 252334. 573.36 =30

10 1 5435";. 238RR2s 240139. 234%£Z2, S73.%21 -eld4
11 1 56284. 237507. 237175. 239315, 573.4-" -.04
12 1 55470« 239581. 2393%0. 239155. 573.33 ~e02
13 1 53440. 228425. 228"43. 227497. 573.44 -~ 04
14 1 57723. 247142. 245792. 251490, 573.01 ~a02
15 1  51949. 230989. 2318%4. 226215. 573.29 -o 08
16 1 52744. 222115. 221416. 224422. 573.29 .11
17 1 49800s 214879. 215110. 2129E7. 573.29 -.0h
18 1 50112. 211180. 211175. 211770. 573.21 0k
19 1 49926. 2125%1e 211790. 213042. 573.14 01
20 1  49045. 213766. 213705. 214508, 573.12 -ell
21 1 9aRTT,. 215120. 2150E% . 21B5163. ©£73.2°7 —e26
22 1 G8BEEJe 209446. 20918+ 20870:. S7%.3F -3
23 1 "6283. 196896. 157105. 195&%PF. 573.44 -e28
24 1 46039. 194198. 193499. 195289. 573.30 ~e25
25 1 42380. 179703. 180136 177862. 573.41 -e24
26 1 67040s 19709« 19¢330. 2000604 573.15 -e21
27 1 46141. 199169. 149313. 1°8111. 573.11 ~.20
28 1 46481. 198291. 1G872¢. 198611« 573.07 -e14
29 1 47345. 203093. 202969. 2(3490. 572.99 -e12
30 1 45117. 103410. 194004. 121701s 573.14% =4.0¢
31 1 451€0. 190932. 183F79. 132633, ST2414E —e2%
AVE 50445. 216078. 215%83. P21€1%E. 573.24 -el2

27



Table A 2. Detroit River Mdel February Qutput

DAY MON  ERIE wyYC WP GwE Qwh GTE
1 ? 571.38 572.72 573.84 146487« 146292. 44367
& 2 571.00 572.53 573.75 152739. 151724. 46018
3 2 571.53 572.67 573.70 138976. 140596. 41216.
4 2 571.31 57298 573.61 13971%. 13858%. 42827.
q 2 571.77 572.76 573. 66 129822+ 131411. 39064.
£ 2 571.33 572.64 573.69 1416F6s 140073. 42807
1 2 570.95 572.46 ©73.068& 152100. 151566. 45367 .
& 2 57085 572.39 57365 153925. 153789. 45354.
G & 571.46 572.67 573.76 142863« 144602, 42276.
16 2 571.34 572.62 573.67 141180. 140273. 43166.
11 2 S71.0% 572.46 5736606 146731. 146190. 43969.
12 2 571.38 572.61 573.68 141681. 142759. 42168.
13 2 571.40 572.70 %7378 143558. 143400. 43642.
14 2 571.53 572.84 573.96 146539. 147104. 44401 .
15 2 571.32 572.80 574.01 153150. 152486. 46722.
16 2 571.76 573.08 574.26 151105. 152698. 45690 .
17 2 571.45 573.13 S74.50 165081. 164060. 51196.
Ib 2 571.84 573.35 574.71 1641X2. 165635. 49897.
19 2 571.34 573.26 574.70 176197. 174566 . 54845 .
20 2 571.99 573.54 574.97 169712. 172016. £1341.,
21 2 572.16 573.74 575.11 167386. 167333. 53123.
22 2 571.85 573.70 575.25 179304. 178644. 56466 .
23 2 571.98 573.10 575.21 176083. 176556 . 54714 .
24 2 572.06 573.74 575.19 172922. 172984. 54387.
25 2 572.15 573.75 575.15 169591. 169764. 53407.
26 2 572.18 513.74 575.10 166968+ 166950. 52824.
27 2 572.22 573.71 575.02 163403. 163432. 51709.
28 2 572.15 573.68 575.01 164573. 164376. 52144 .
2" 2 572.26 573.12 575.01 162170. 162512. 51220.
AVE 571.62 573.08 574.32 155854. 155944. 47839.
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Table A.Z. Detroit River Model February Qutput (econtinued)

DAY MON GTW QWY GWF SE WYM DEV
1 2  44295. 190587. 190092. 180855. E73,14F =42
2 2 45641 . 197364. 126814, 19B757. 573.14F =461
3 2 41617 182413. 182841, 180192, 572674 .00
4 2 42405 180997. 180291, 162546, 572.58 o0
5 2 39654. 171065- 1711“52. 165896. 572082 -006
6 2 43216. 183289. 182795. 185473. 512 .62 o2
7 2 4516%. 196735. 196409. 1974£7. 572.4: =01
8 2 45304. 199093. 1252858, 1%327%. 572.39 00
9 2  42¢72,. 1E8T7524. 188572. 18%140.. 572.74 =207

10 2 42829, 1221C1. 182386. 184346. 572.76 -«14
11 2 43769 189959. 189598. 190700. S72.61 ~el5
12 2 4256H. 185327. 186643, 183650. 572.7: ~el2
13 2 43583, 186983. 187220. 187200. 512.72 -a02
14 2  44611. 191716. 192456. 190940, 572.83 .01
15 2 46476 . 198962. 198740+ 1S9&72e. 572.77 02
16 2 46281 . 198979. 200417. 196754, 573.09 -~e01
17 2 50817. 214877. 215143. 2162784 573.13 00
¥} 2 £0455. 216091. 21710&. 214029. 573.39 -e04
19 2 54240. 228806 . 228426. 231042. 573.18 o0r
20 2 52196. 224213. 225510. 221052. HT73e48% .06
21 2 53104. 220437. 220F%1. 2205009. 572.48E « 26
22 2 Fe221. 234865. 234950. 235770. 572.48E 22
23 2 B48%Ne 231446. 231324. 230797. 57348E (/)
24 2 “4410. 127394. 227475. 22TZ0Ss 573448E + 26
25 2 534714 223235. 223137. 222098. 573.71=» 04
26 2 "2817. 219767. 219648. 215752. 57 I.E9 «05
27 2 51720. 215152. 214916. 215112. 573.67 « 4
28 2 R2070. 216446. 216426. 216716. 5373.60 «08
29 2 51347. 213859. 213958. 213390. 573.69 L3
AVE 47872 . 203817. 2035484 203693. 573.09 -e01
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Table A.3. Detroit River Model March Cutput
DAY MGN FRIE WYC uP QWE Qwl aTeE

1 3 573.07 574.18 575.26 148783+ 151084. 47727.
3 3 574.48 575.48 144833. 145256. 48454 .
z 3 513.40 572.73 574.28 575«61* 168316. 166528. 56207.
4 3 572.78 574.26 S75.61F 168404s. 169054. 54378.
5 3 571.67 573.51 57507+ 176389« 172765. 5703:.
£ Z 572.03 573.71 575.35 180191. 182453. 54999.
7 3 571.82 573.72 575.30 181165. 179927. 57348.
g 3 572.80 574420 575.57 16688%0e 172050. 52749.
o 3 573.12 574.42 575.51 157476. 157447 . 52313.
¢ 3 572.68 574.17 575.47 165262. 163970. 54493.
11 3 B72.G5# 574.27 575448 158759, 159945 51396.
12 3 573.21 574.36 575.42 149029. 149239, 49424 .
13 3 5T71.68 573.60 575.09 176679. 172268, 57945.
14 3 572.45 573.77 575407 161615. 160868, 49193.
15 3 572.84 574.15 575.32 155948 . 156321. 51013.
15 3 572.51 573.39 §75.2R8 163691. 162643. 53311.
17 3 572.11 573.74 575.12 168797. 167901. 53866.
16 I/ 574.04 375.20 153752. 156038 48642,
19 3 572.85 572.72 574.02 575.14 152579. 151517. 50305.
2s 3 572.06 574402 575.09 148043. 148669 47906.
21 3 571.96 573451 574.95 166140. 163452. 53983.
22 3 572.95 574.07 H75.20 151526. 155163. 47262.
23 3 572.83 574.10 575.19 150845. 145463. 50257.
24 Z 572.80 574.00 575.10 140997. 150220. 46643.
25 3 572.73 574.07 575.26 15€69€1. 156RB2. 51225.
26 3 573.01 574.18 575.21 150153. 150520. 4EBTR,
27 3 572.20 57376 575.05 163308. 160726. 53538.
2k 3 573.11 574.21 Y7532 150971. 154413. 47688,
24 3 573.27 574 .41 575.44 147071. 146554 . 49460.
30 3 572.03 574.16 575.2"1 15080, 149885. 50015
31 3 572.84 574.11 S57%«.2¢ 154033. 154104. 50342.
AVC 572. 68 574.05 57528 1553684 159410. 51613.
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Table A3. Detroit River Mdel Mirch Qutput (continued)

DAY MON GTW QWY WP GF WYM REV
1 3 48581. 199664. 201453. 196509. 574410 .08
2 3 48&11,., 193867. 194593. 192287, 574.46 .02
3 3 55544. 222071. 221655 224%23. 574.17 .11
4 3 54619. 223674. 223/58e 222782. 574.24 $02
5 3 55€90e 228455. 225294. 233425. 573.57 <00
6 3 5583f. 2382%91. 240760. 235190. 573.01 -eC4
7 3 56868. 236815. 235£15. 238513. 573.59 .13
8 3 53925, 225976. 228208. 221629. 574.20 -.00
© 3 52302. 209749. 209623. 20978%. 574.36 o0

1¢ 3 54014. 217984, 217092. 219755. 574.10 «07
11 3 51836, 211781 212755. 210155. 574.21 .06
12 3  49507. 198741. 198£2%. 198453. 5.74.39 ~s03
13 3 56308. 226576. 225¢34. 234624. 573.47 e13
14 3 50400. 215269. 216566. 210808e 573.79 ~e02
15 3 51152. 207472. 208644. 206961. 574.06 .09
16 3 52972. 215565. 214671. 217002. 573.93 «CE
17 3 53533, 221434. 220668. 222€663. 573.61 o173
18 3  49490. 205528. 206775. 202393. 574.05 ~e01
19 3 49910. 201427. 200785. 202884. 573.95 W07
20 3 48140. 196809. 19€%04. 195450. 574.01 .01
21 3 5298G. 216437. 215008. 220123. 573.48 .12
22 3 48612. 203775. 206053. 1°878&Es 574409 02
23 3 49744. 199207. 198500. 201102. 574.02 «G&
24 3 48726. 198946. 1987€%. 15R640. 573.38 $02
25 3 51195. 708077. 208737. 20R1Rk. 573.99 W0F
26 3 49163. 200083. 200170. 199031. 574.16 $02
27 3 S2879. 213305. 211650. 216846. 573.72 o 04
28 3 48966. 203379. 2057%8. 1986%59%9. 574.2°0 «C1
29 3 49287. 195841. 195623. 196481. 574.3°% .06
30 3 49653. 199538. 198405. 200&75. 574.12 <04
31 3 t036R. 204472. 204763. 204375. 574.05 + 06
AVE 91629, 211039. 2110680, 210981l. 574.01 «05
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Table A 4. Detroit River Mdel April Output

DAY MON ERIE WYec WP GWF GWW GTF
1 4 572.54 573.97 575.22 160814s 159956, 523RY.
2 4 572.77 574.06 ©575.2" 157%17. 158435. 50665.
A 4 573.1¢& 574.32 575.41 150446. 151347. 49395,
4 4 573.14 574.41 57556 155679, 155484. 51R28,.
& 4 572.77 574.15 575.37 159581. 158454. 52666 .
& 4 572.88 E74420 575.42 1989462 . 159641. 51636.
7 4 572.98 574.27 575.44 156529. 156615. 51454 .
& 4 572.94 ET74.25% 57%444 157150. 157007. 51717.
9 4 572.92 574.20 57" S}t 155412. 155330. 51002.
10 4 572.76 574.10 575.2" 157258. 156790. 51505.
11 4 5T2a.76 574.17 i75.44 162704. 162994, 52887.
12 4 572.7°7 574.13 5'75.3%¢% 152800, 159655. 5207b.
13 4 572.64 574.14 575.32 56423« 156621. 50985.
14 4 5T72.86 57441~ 575.33 15603%. 156042. 51049,
15 4 572.78 574.07 57526 155815, 155529. 5092: .
Ib 4 5S5T2.82 574.1," 575.31 156571s 156814. 8991 .
17 4 572.85 574.14 575.30 155336. 155333. 5C771.
18 4 572.85 574412 575.27 154226. 154198. 50426 .
1 4 572.76 574.09 575.27 156655s 156426. 51167.
20 4 57296 574.20 575.34 153871. 154539. 50139.
21 4 5T2.97 5T4«21  575.372 152347. 152157. 56215
22 4 57250 573492 575.14 158987 157617. 51989,
23 4 572 «86 574414 575.34 157228. 158707. 50446 .
24 4 5T3Z.66 574.63 575.59 141860. 143792. 47104 .
25 4 573.71 574.88 575.96 152492. 152407. 52211.
24 4 572.70 574.2" 575.63 163514. 166514. 57143.
27 4 572.63 574.20 575.62 172537. 173232. HE387.
2E& 4 572.72 574.26 575.63 176367 170410. 55381
29 4 572.83 574.29 575.62 167159. 167426. 54440.
ic 4 573.01 574«%3% ©575.58 160881. 161241. 52756 .
AVE 572 «89 574.22 575.41 158005. 158026. 51758.
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Table A 4. Detroit River Model April Output (continued)

DAY MON QTW GUY AWP qF WYM CEV
1 4 ®2070s 212026. 211470. 213203. 573.91 206
2 4 ©10C06e 209441. 210045. 208181. 574.00 L0k
3 4 49730. 201076. 2016837« 199841. 57"4.26 06
4 4 51763. 207247. 207597+ 207487. 574430 «11
5 4 "2248. 210702« 205450. 212247« 574.04 06
6 4 S1FB&e 211529. 212202. 210%5S8. 574.14 05
7 4 51486. 208101. 20R092. 207S84. 574.20 «07
6 4 SlfF64e. 208671. 208597. P2{FEEbe. 574.16 « 0%
9 4 50972. 206302. 206025. 206413. 574.14 «0F

10 4 ®1222, 208122. 207777. 208763. 574.02 «08
11 4 5299:. 215989. 216F6T7. 219591, 574.07 «10
12 4 52022. 211677. 211156. 21187fe 574408 05
13 4 S1057. 207678. 207765. 207414. 574.08 «0E
14 4 "1051. 207094, 207136. 207086. 5BT74.1i0 «0E
15 4 50819. 206348. 205978. 206740. 574.05 04
b 4 51081. 207895. 208242. 207562. 574.07 « 06
17 4 50769. 206102. 205988« 206107. ST4,.,05 «05
18 4 S041f£. 204613. 204535. 204652. 574.07 «05
19 4 51082. 207508. 207442. 207822. 574.01 08

20 4 50387. 204926. 205412. 204011. 574.13 «07

21 4 50144. 202301. 202106. 202561. 574.16 05

22 4 S1480. 209096. 207971. 210576. 573.86 «0F

23 4 51024. 209812. 211263. 207674. 574.10 04

24 4 47821. 191613. 153026+ 188964. CT4a5¢ «05

25 4 ©2180. 204587. 20%€87T. 204703. 574.80 08

26 4 56029. 222544. 215836. 226656. ST4.18 o11

27 4 55645. 228877. 22%9%22. 227525. 574.12 «+08

28 4 "5397. 225807. 22575R. 225748. 574.19 «07

29 4 54539. 221965. 222054. 221599, 574.23 + 06

30 4 E2890. 214131. 214144. 21263Ik. 574.31 «04

AVE 51766. 209793. 20982&. 209763. 574.15 «07
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Table A5. Detroit River Mdel My Qutput

Day MON ERIE WYC WP GWE GWwW GTE
1 5 572.91 574.29 575.52 160988« 160560. 53113.
5 572.48 574.03 575.37 167299. 166140. 54559.
z 5 572,08 573.80 575.26 174051. 173235. 55445.
4 5 572.6". 574.134 575,32 162545. 164407. 51315.
5 572.61 573.99 575.19 157750. 156006 . 51555.
i % 573.18 S7T4.48 ©575.72 161459. 163745. 52328.
7 5 572.90 574.44 375.78 160574. 168211. 56663.
¢ 5 572.79 574.33 575.72 171455. 171498. 55893.
g 5 572.77 574.32 575.71 171509. 171439. 56002.
10 5 572.87 BCT4.24 S5T7H.68 168155+ 168406. SUBER.
11 5 572.82 574.36 57572 170675. 170525. 55972 .
12 5 572.96 574.38 57568 165839. 166196. 54228.
1: % 573.15 574.45 575.64 158869. 159235. 52470.
14 5 572.89 574,33 575.55 162326. 161439. 53822.
15 5 573.30 574.53 575.64 155068. 156508, 50855,
16 5 B572.98 ST4a32F HT75461 161520. 160218. 54129.
17 5 572.89 574.34 LTS 6% 166373. 166554. 54445 .
18 5 572.90 574.3" 575.61 165026. 164969. 54153.
19 5 512.57 574.13 57548 168612. 167640. 5% 126.
20 5 572.71 ST744,16 575.49 166321e 166585, 53547.
21 5 572.89 574 .30 57558 164073. 164448. 53580
22 5 572.97 574 .34 575.58 161777. 11875, 53146.
23 5 572.96 574 .34 575.59 1622313. 162165. 53406.
24 5 573.01 574.35 575.58 160643. 160777. 52852.
25 5 572.93 574.12 575.56 1618344 161624. 53371.
26 5 572.00 574.27 575.51 161246, 161195. 528H0
27 5 573.01 574.31 575.50 157916. 1513216. 51840.
28 5 573.03 574 .34 575.52 1577"6. 157742. 52080.
G 5 573.12 ET4.36 575.54 156647. 1563009. 51527.
30 5 573.08 574_.37 759454 15€©08s 156725. 52032.
31 5 8572495 574 .32 75,55 160952+ 160670. 53120.
AVE 572.88 574.29 57545¢€ 163447. 163438. 53829 .
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Table A 5. Detroit River Model May CQutput (eontinued)

DAy NON GTW Qwy GwP QE WYM FMEV
1 5 52954. 213514. 213198. 214101. 574.23 06
2 5 54179. 220269. 2197"37. 221858. 574,01 02
3 5 55143. 228378. 227810. 229496. 573.66 e14
4 5 52007. 216414. 217267. 2128604 574.00 « D&
5 5 ©1242. 208148. 207376. 2093t%, 573.04 «05
6 5 53176. 216921. 219775. 213787. 574.40 «CR
7 5 £6157. 224368. 221475. 226237. 574.37 07
'8 5 55909. <I27406. 227277. 2273484 H78.22 «05
9 5 55%TEs 227415. 2274039. 227511. 574.27 «05
10 5 ©®49f1. 223367. 223344. 222(22. 574.29 «05
11 5 £5%16se 226441. 226615. 226647 . 57%1.27 «09
12 5 "4361. 220557. 220426. 220068a 574.32 .0b
13 5 52606. 211882, 211951. 21133%. 574.40 « 05
14 5 53493. 214932, 214300. 216147. S74.24 «0¢
15 5 51390. 207898. 208833. 205922. 574.45 05
16 5 53€45. 213862. 213184. 21564%. 574.30 .08

17 5 54513. 721067. 221284. 220815s 574.26 « (&
18 5 54132. 219101. 218932, 2191749, 574.24 .09
19 5 T©475P. 222398. 2215713. 223758. 574.03 «10
20 5 53794. 220783. 221178. 219868 574.09 207
21 5 53719. 218167. Z21&¢10. 217653. 574.22 08
22 5 53182. 215057. 21500%. 214923. 574.27 07
23 5 53390. 215555. 215%¢09s 215615. 574.27 «07
24 5 52901. 213678. 213667. 213494. 5T4.28 «07
25 5 53271. 214895. 214749. 2152¢5. 574.25 «07
26 5 F®2861. 214056. 213863« 214126. 574.20 «07
27 5 51951. 210167. 210304. 209756. 574.26 N 133
28 5 52075. 209817. 20%EB6. 20082¢, 574.28 o0F
29 5 51625. 207934. 2080784 2C7E7% 574.33 .0%
30 5 51964. 208689, 208f£14., 208940. 574.31 «0F
31 5 53024. 213695. 213£15. 214081. 574.25 07
AVE 53556 . 316993. 216489. 217006. 574.22 «07
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Table A 6. Detroit River Mdel June Output

DAY MON  ERIE JdYC WP QWP Ghw GTE
1 6 573.01 574 .37 575.61 161699, 162000. 52128
- 4 573.07 574 .40 "275.62 160249. 160229, 52971.
A £ 573.11 574 .42 575.62 159070. 159152. 52640.
4 6 573.03 74438 £75.5¢%9 160118. 159851. 53022.
6 572.95 574 .32 575.55 161089. 160916. 53064
£ 6 572.83 574.25 575a5%2 163321. 163026. 53595,
7 6 E572.82 574 .22 575.45 162838. 162867, 53152.
4 6 H72.7& 5744270 HE7C .88 163443. 163320. 53386.
? 6 572.8: 574 .21 575.47 162211. 162342. 52879.
1¢ & ODTzaeE81 574.18 37541 160278, 160154. 52379.
11 & 572 «327% 574_.10 575.4: 166256. 165725. 54144.
12 4 573.24 574 .40 57552 1531z4, 155128. 49664 .
13 h 572 .84 57423 37543 1589€0. 157232. 52184,
14 6 572.78 574 .13 £T5. 3¢ 159711. 159985. 51797.
15 6 572.70 574 .3" 575.32 16G046. 159721. 52200.
16 6 572 .56 574.07 575.40 166581, 166387. 53943.
17 2] 572.80 574.20 ETSe4E 163561. 164326. 52825.
18 6 5ST72.8KF 574.24 575.46 160047, 160018. 52444.
19 6 572 81 574.25 575.54 164558. 164462. 57874.
2n 6 57278 574_.25 575.56 166260 . 166225. 54242.
21 5 572.90 574.30 575.57 163547. 163884. 53394.
22 6 572.94 574.30 575.53 16080G. 160768. H52B36.
23 6 572481 574.24 575.51 143471. 163117. 57644.
24 6 572.83 574.24 575.52 163643. 163809, 53366 .
25 6 572.57 574 .14 575.51 169666 . 168925. 55360.
26 6 572.65 574 .14 575.48 147499. 167830 53930.
27 6 572.78 574.21 575510 164375. 164630. 53441.
28 6 572.76 574 .20 575.40 164359. 164220. 52631
29 6 572.77 574 .21 575.51 164876 . 164963. 52688,
30 6 HT7277E 574 .21 575.51f 1é6836. 164810, 53740.
ave 572.82 574.24 575.50 162684. 162673. 52184
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Table A.6. Detroit R ver Model June Output (continued)

DAY MON QT GWY G4P CE Kyw CEV
1 6 53240, 215239, 215545, 214€27, 574.32 05
2 6 T29&1. 213289, 213203, 21318C. 74 .32 «07
3 £ S2670. 211823. 211¢64., 211709+ 574.37 .05
4 6 5292%. 212774. 212%67. 213140. S5T74.327 .06
5 6 5299%. 213915. 213733. 214153. 574.29 «03
3 6 E3485, 216511. 216326. 216%1ft. 5744280 o5
7 6 5316.3. "16030. 215948. 21990. 574.17 05
8 6 "3341. 216661. 216613, 21682%. 574.14 .06
9 6 52927. 215269. 215.377. 21%0<l, 574.15 L0¢6

10 6 212 2124884 212249. 212657. 574.1; «0E
11 6 S3947. 219671. 2158A7. 22040Cs 574.64 06
12 6 ©03%7. 205525. 206574. 202218. 574.40 -0
13 6 52543%. 20977%. 20&776a. 212144. 574.18 0%
14 6 ©189G, 211884. 211784. 211%08. 576409 04
15 6 S207%s 211799. 211620+ 21C245%5. 574.06 «03
16 6 E-3871. 22025Be. 220472. 22£524. 574.03 o4
17 6 £3108. 217434. 217897. 216l18Ee. 574.17 #03
18 6 S2413. 212451. 212345. 2124%2. 574.21 «03
19 6 S3P38. 218300. 2185T7E. 218432. 574.21 oG4
20 6 54229, c204%4, 2206400« 220502, 574.22 « 072
21 6 53519, 217°104. 217579. 216942. 574.25 05
22 6 %p824, 213592. 213438, 213636. 574.26 « 04
23 6 S3I%1%. 216630. 216472. 217115. 574.20 o 04
24 6 53427. 217236. 217327. 217000. 574.27 -«03
25 6 S508%5. 274009. 223¢94, 22502€. 574407 «C7
26 6 S407%. ©2219€4. 221982s 221429. 574410 04
27 6 S3534. C21R165, 21&2°7., 217PIt. 574.17 04
28 6 =3%79. 217800. 217675. 217990. 574.16 08
29 6 53720. 218684, 21pe06, 218564, 574.16 05
30 6 53730. £18540. 218504s 218576e E7441FE «05
AVE 53160. 2158%2. 215&44. 21586&, 574.1" G4
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APPENDI X B. St. Cair River Transient Mbdel,

[nput, and Qutput, 1959-1961,
720.00-hr | ncrenents

Starting elevations: Fort Gatiot

= 575,94
MBR = 575.71
St. dair = 574.43
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PROGRAM SCRFLO CINPUTeOUTPUT« TAPES=INPUTsTAPEGE=OUTPUT)
C++xx UPPER ST. CLAIR RIVER UNSTEADY FLOU MODEL A#kdskkadarhadhdddsndn
C FRANK He QUINN PROGRAMMER
C REVISED NOVEMBER 1976 JOHN HAGMAN
DIMENSION B(3)eWS(2544)4Q(2593) ¢ YVECT(429C {4 XMTRX(444)
DIMENSION T(2)eX(2)saANC2)9AL2) ¢ U3 oR(2)4QAL2)e XMV I444)yCORR(3)

MX=5H

Nx=46

WRITEL Mx+3000)
NVAR z 4

C*+x+x READ TIME |INCREMENT, BEGINNING YEAR AND COMMENT IN 6&5~-80 o *****
1 READ (#MXel010) ANCeIYRB4(B{(I)eI=143)
Cxaxx READ GASGE CORRECTIONS 1F NEFDED [ E R 2 EREEEERIEEERZREEESE RS SRS RE R ]
READ (MX4100Z2)(CORR(I)eI=143)
Cxxs+ DEFINE CALIBRATED ROUGHNESS FOR LOWER REACH o FERF A Ak dkdkkkkkk
TH=.75
THl1=.25
ANCl)= L0205
IYR=IYRB
MMz=-12
C+x+*x READ UATERLEVELS FIRST DOUNXTREAM, THEN UPSTREAM™ o FRFHIkIkpx
Cxsxx ST_. CLAIR IS DOWNSTREAM AND FORT GRATIOT IS UPSTREAM GAGE s#xww*
4 DO 5 I=z14342
MZ13
KA=Z24&
REANDC MXo1015)ICODE o (WSCJdeI)eJ=MyKA)
DO 6 J=MsKA
WSCJeId)=WSCJeI)+CORR(I)
M = KA +1
KA = M +11
KA = KA -12
C+«w%x READ THE MIDSTREAM GAGE LEVEL AT MBR AL RLARS RS SAELRRRRLELS
READC MXel1015)ICODE«(WSCJed)eJ=13424)
CO 9 J=13e¢2%
9 WS({Je8)=UWS(Je4)+CORR(2)
DO 8 I=1.12
WS(I1+1)=WS{13,1)
WS({Ied)=WS(1244)
B WS(Ie3)=WS(13+43)
WS(1e2)=WS(144)
Cax**x PRINT TITLES AND HEADINGS I EEE RS RS EEE RIS ERFESNERSRE SR ER 2]
10 WRITE( NXe1020)(B(I)eI=143)
WRITEC Nx91021)ANC
WRITEC NXel0Z29)WSt1e3)eWS{1e2)e%S{1+1)
WRITELC NX910268)
DT=ANC»2600.
Chdan INITIALIZE METRIX I X2 R E R E R R R L R R R R FE R R R T R TR R
DO 20 1 o 1le¢NVAR
DO 20 J = 1lsNVAR
20 XHTRX (I¢d) = O.
Crnhn DEFINE CONSTANT CHANNEL PARAMETERS [ EE 2R E SR 2 SRS RS EEE L E TR T TR ES
Cxxxx DEFINE CHANNEL WIDTHS AR RS RS EEEEE ARSI ER RS RS RRRE RN
TE12=1930.

a~NON

Figure B.2. St. (lair River model.
40



T(2Y=1550.0
X(1)=60410.0
X(2)=1256040
Mz1

Canad COMPUTE INITIAL CONDITIONS LA Z R R R R SR RS E SR EERE R SR TR R TR
2¢1)=51205e0 +T(1)2(o50%(WS{Mel)+WS(Me2))=E74.5)
A(2)=511460e +T(2)*(S50*(WS{Me3)+WS(Me2))~=5T7E£,3)
RC1Y=AC1)/TC1)

R{2I=A(2)1/T(2)

C++x% DEFINE CALIBRATED ROUGHNESS FOR UPPER REACH LR AL E AL R LR LS LR,
ANC2)=2.,00087 »WS(Me3)=e294
Q(lel) Tled4862AC1)*RUII®2(24/34 )% (WS(142)-WSL141))%2.5/AMN(1)
1/7Xt1)y=*%,.5
Dl1e2¥=G(141)

QCle3)= 1e@B8E*A(2)*RU2) 22 {26 /332 (WS (1 a3)=-UWS{142))%2,5/AN(2)

1/7X(2) %25

WSC 2.2) = WS{142)
36 DO 18 T=14+3
la Q(2s1)=0(141)

KB=KA=1

M=1
23 CONTINUE

N = M+l

LL=1
21 CONTINUE

BACL)=TH/2+%(Q(N1I+Q(Ng2))I+THLI/24#(G(Mel1)+G(Me2))

QAC2Y=TH/2e% QN2+ G(NsIII+THL/24*(G(Me2)+G(Me3))

UC1)=ABS (RA(1))

UC2)Y=ABS (QA(2))

Cx*2+ COMPUTE AREAS AND HYDRAULIC RADIUS LI R R ERE R EI R R NS EEEY B R R E LRGPP
DAC1)=51205.0 #T{1)*(TH/2e%(WS(Ng1)+WS(Ng2))+THL1/2e%{WS(Mel1)+US
1(Me23)=5T74.5)
0A(2)=51140e0 +T(2)%(TH/2e*{(WStNsI3I+WS(Ng2))+THL1/2an(WSI{Me3)+US
1{Me2))=-5T7643)

Cx+«s DEFINE CALIBRATED ROUGHNESS FOR UPPER REACH @ REFEIAk __ttrttt
AN(2)=.00057 ® WS(Pr3,-.294
DO 24 I=1e2

24 REII=ACIY/THLI)
A1=T77800e+30B04 % {TH*WS(Ng1)+THI*WS{My1)=5T74.1)
AR2-76000e+2630 e+ {TH*WS(Ne2)+THI*WS(M42)=-575.9)
A3zZ575004+1B80Ne* (THAWS(Ng3)+THI*WS(My3)=5T6,.8)

Cx«ax%x%* COMPUTE Y VECTORS LI EEEAZERIZEEEERAREEEER ZEE R B A R g R R
o CONTINUITY EQUATIONS REACH 1 THEN RFACH 2
c

OYVECTU2)=~{{WSIN I +WSING2)-WS(Me1)-WS{Me2))/(24%DTI+(TH2(Q(Ny1) -G
1(Ne2) Y +THI*(Q(Ma1)=Q(Me2)))/{TC1)*X(1)))
CYVECTCG)==({WStNy2)+WStNaI)-WS(Me2)=HWSIMe3)I/(2.+DTI+(TH*(Q(Ns2)~Q
1(Ne3DI+THLI=(Q( M2 =R MeINII/(TL2)%X(2)))

leNel

EQUATIONS OF MOTION REACH 1 AND THEN REACH 2

BZ42-=QAL2)*T(2)* (WSINe3)+WSING2)~WSIMe3)=WS(Me2))/(25DT*A(2)I%x2,)
1#2.

Figure B.2. St. Clair Rver model (continued).
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Cadihn
Canwn

Carann

201

211

212

213

214
Crrenx

0241=-GA(1)*T(1)*(US(NuZ)*HS(NQI)'HS(MvZ)-US(Mgl})1(2.*DT*A(1)**2-)
1»2

261=(Q(N11)+Q(N02)-Q(Hol)-Q(MQZ))/(2.*DT*A(1))
262=C(GINe2)+RINs3)I-0(Ms2)=Q(Ms3)I/(2.DT*A(2))
211232-2*AN(1)**2.*GA(1)*U(1)/(2-2082*A(1)**2-*R(1)**(4./3.))
Zl2=32.2*AN(2)**2.*GA(2)*U(2)/(2-2082*A(2)**2.*R(2)**(4-/3.))
221=3202*(TH*(US(N11)-US(N02)I+TH1*(US(M11)~US(V.2)))/X(l)
222=J2o2*(TH*(HS(N’2)-USIN§3))+TH1*(HS(M;ZJ-US(MQB)))IX(2)
Z31==(QAC1IIn#2,2CAL=A2Y/CACLI) A3 .xX(1)))
Z32==(QAL{2)* 22, #{A2=A3)/CA(2)*23,%X(2)))
YVECT(1)z==(211+221+231+241+261)

YVECT(3)==(Z12+7222+232+242+262)

COMPUTE MATRIX AR NS R AR R AR R AN A AR R R AR kb AR R R A A AR AN AR AR AR R R AN
NOTE. PRIMARY DIAGONAL VALUES MUST BE NON ZERO o FFFHIhKhkhk
XMTRX(491)=14/7/(2.20T)

XMTRX (241)=14/€(2.%DT)

AKMTRX(2¢3)==TH/CTC1I*X (1))

XMTRX (444 )==TH/(T(2)xX(2))

XMTRX(242)==XMTRX(243)

XMTRX(443)==-XMTRX {4y 4)

GXMTRXC191)==(322-0QAC1)222,.+2180. ZCACLYA*T)) /X (1) *TH =QA(1)*T(1)
17{(DT*A(1)*=2,)
OXMTRX(34l)= (32.2-QAC2)x%2.%2180e /(A(2)2234))/ X(2)+TH=-QA(2)*T(2)
1/7(DT»A(2)xx2,)

ZZZ1=ABS(QA(1))
CP1=32.2%AN(1)*%2,2727Z71 *TH/C220R2#A (1) 2 %2, 2R{1)»=x(4./3.))~0QAC(1)

1 FRC1I®n3a%( Al-A2 y*TH/X S
21)-TH*T(I)*(HS(NQI)*BS(NQZ)*US(HQI)‘HS(HOZ)]/(2-*DT*A(1)**2-)
22Z2=ABS(QA(2))
OP3=32.2%AN(2) % a2 4272272 *TH/ (220820 8(2) w22 *R(2) %2 (4./34))-QAC(2)
1 FTA(2)®xad A2=A3 YJ*TH/X(
22)-TH*T(2)*(HS(N!Z)*US(NQ3)'US(F!2)-HS(MvS))/(2.*DT*A(2)**2-’
XMTRX(192)=1e/C(2a%At1)*DT)+P1

AMTRAXCI93)=1 e/ (2a%A(2)Y*DTH+P3

XMTRX €14 3)=XMTRX(1e2)

XMTRXCI94)=XMTRXC3+3)

INVERT MATRIX P Y 2 2222222223222 R 22 R 2R 2R 2R 22 R 2 2 0 24
DO 201 I=1¢NVAR

DO 201 J=1eNVAR

AMV{TgJ) = XMTRX (I 4J)

DO 214 K=14NVAR

DIV = XMV{KsK)})

XMV{(KeK) = 1.00

DO 211 J=1e¢NVAR

XMV IKed) = XMVIKeJI/DIV

DO 214 I=14NVAR

IF (I-K) 21242144212

DIV = XMV(IeK)

XMV (TeK) = 0.00

DO 213 J=14NVAR

XMV (TIeJ) = XMV(I4J)=DNIVEXMVIKeJ)
CONTINUE
COMPUTE COEFFICIENTS AR R AR AR AR A AR AR AN PR AR A A AR b A AR R RN R AR

Figure B.2. St. Clair River nodel (continued).
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241 DO 251 I=14NVAR
cc1y = 0.00
DO 251 J=1eNVAR
2 5 1CCII=CAID+XMV (I JInYVECT )
Cexaxx ADJUST COMPUTED VALUES BY CORRECTION COEFFICIENTS o FEXKKKKX KKK
2 5 3WSINe2)=WS(Ne2) +C(1)
26 0Q(Nsl1)=GC¢Nel)+C(2)
2 6 50(Ne2Y=Q(Ne2) +C(3)
G{Ne3) = GI(Ns3) + C(4)
LL=LL+1
IF(LL=-5)21421450
50 CONTINUE
JB=N+1
NSCUB92Yz22WS(Ne2)~UWS(Me2)
5 1Q(JBe3 )2 %0 (Ne3)I=Q(Me3)
Caxxxa COMPUTE DEVIATION BETYEEN COMPUTED AND MEASURED LEVEL AT HID GAGE*
DEV=WS(Ne2)-WS(N+&)
MMz=MM+1
Cx2+xx THE FIRST TUELVE ITERATIONS ARE TO LET THE MODEL STAEILIZE
| F(MM) 2524541553
553 CONTINUE
Crxax CHECK FOR END OF PAGE ROOM AND PRINT TITLES ON NEY PAGE e ****'x
IFCIMM/24)4248-MM)IS 3952453
5 2WRITE{NX+3300)
WRITEC NXel020)CR(I)eI=143)
WRITEC NXe¢lO021)ANC
WRITECNX.1026)
Cawxx ALLOY PRINTOUT TO SKIP THE FIRST TUELVE ITERATIONS dawtwukkthsidk
53 | F{M=12)55¢55+54
5 4 MONz=M=11
IF{MON=~1)254¢254,4255
2 5 AWRITECNXs1046) IYR4WSEN91) sWS{Ng2) o WSUtNy3)eG(Ne1)gQ(N92)9QCN¢3) s
14S{Nea)+DEV
GO TO 252
255 CONTINUE
URITECNXel1085)IMON WS INGLI) gWSENe2) g WSINg3 oG (NI gQU(N2) QB (Ne3)y
1WS{Ne4)DEV
GO TO 252
55 CONTINUE
IF{M=1)15544554,4555
5 5 AWRITECNX91086) IYReWS(NeI) o WSCNgZ) o WSINeI)eGiNel)gQU(Ns2)4Q(Ne3)s
1WSCNe4) oDEV
GO TO 252
555 CONTINUE
URITECNXs1085)MeWSINeL1Y4WS(Ne2) oWS(Ne3)9QINe1)sQC(Ns2)sGENs3I)y
INS(Ne4)oDEY
252 CONTINUE
C OSHI=1+3
5 8Q{UBeII=24Q(NsI)=G(MyI)
MzM+1
C««*xa CHECK FOR COMPLETION OF FLOU CALCULATION FOR ENTIRE YEAR o ***xx’
IF(M=KB)22+423459
59 CONTINUE

° *kkk

Figure B.2. St. Clair River nodel (eontinued).
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63

Crkuk
Chnsa
Cxank

62

61

71

60

Carnn
1002
1010
1015
1020
1021
1025

10260FORMAT

1045
1046
1050
3000

DO 63 I=143

QG 1le1)=G(NsI)

D¢241)=QC(JB4 1)

WS(1lel)=WS(Ne1)

WS(1e2)=WS(N+2)

WS(292)=WS(JEL2)

WS{1e3)=WSI(Ne3)

IF ICODE IS A GAGE NUMBER THE PROGRAM WILL CONTINUE e ****xg* **x%x
NEGATIVE IN FIRST FOUR COLUMNS RECYCLES PROGRAW @ KFFIIhk kkgrx
IE ICODE 1S ZERO THEN END RUN e I T I I T I I T T I ™
READC MXol1DB1S5)ICODE (WS (Ue1) s J=2413)

IF(ICODE)YE2460461

WRITEC NXe3000)

GO TO 1

READC MX9101E)XICODE«tWS(Je3)ad=2+13)

READC MXel1C01SYICODEs(WS{Jad) ed=2413)

IYR=IYR+1

DO 71 J=2s13

WS (Jel)=WS(Jel)}+CORRI(1)

WS{Je3)=WS(Je3)+CORR(S)

gS(d14)=HS(d!4)*CORR(2)

CONTINUE

M =1

KB=12

GO TO 23

WRITE(NX+1050)

WRITEC NXxs3000)

STOP

EORMAT STATEMENTS I R I T I T TTmMmMTmM T
FORMATC3F5.2)

FORMAT ( F1l0a0 95X eI5945Xe3A5)

FORMAT(IS+15Xs12F5.2)

FORMATU(/Z7//73TXe3DHSTLCLATIR RIVER TRANSIENT MODEL//74SX43ASZ7)
FORMAT(39XeFOalelXe20HHOUR TIME INCREMENTS//1
FORMAT (24X 91 SHSTARTING ELEVATICONS ¢2Xe15HFORT GRATIOT = ¢F6e24

1/54X¢6HMBR = F6e429/48X912HSTa CLAIR = 4F6e2//7)
(TXe# YEARZ 94X o 3HMON ¢4 X o SHWS1 94X o8 HWS2Cs5X e 3HWS3 95X 92HA1 s TX
142HQA29 TX92HR 396X+ 4HNS2Me X9t DEVZES)

FORMAT(16X 91293 (2XaF6a2) 93 2XsFTa0)s2(2XeFEa2))
FORMAT(/TX915e5Xe2 1203 (2XeF642)93(2XeFTe0)e2(2XsFEa2})
FORMAT(11H END OF RUN)

FORMAT (1H1)

END

Figure B.2. St. Clair River model (continued).
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Table B.1. St. Clair River Model Qutput

YEAR MO N WS1 WS2C W53 a1 az G2 WS2M DEV
1959 1 514.43 575.50 515.94 144404. 144404, 144404, E75.71 -e21
2z 574 .35 575.40 515.83 142156. 142150. 142149. 575.57 -a17

3 514 .12 575.30 575488 154268. 154263. 154263. 515.35 «03

4 T4 a43 515.18 516.32 163137. 1631p2. 163166, 575.79 -e01

E574 .14 576.12 57668 168129. 168141. 168143. 516.09 «03

b 5:14.91 576.33 576.92 172854. 172861. 112863. 516.32 «C1

! 514.93 516.34 576.93 112360. 172358. 172358, 516.33 <01

8 514.91 576.34 576.93 113163. 113163. 173163. 516.35 -—eD1

9 574 .19 516.26 576.81 114722, 174716. 174716. 576.29 -e(3

10 514 .13 516.20 576.80 173711. 173715. 173715, 516. 14 06

11 574.69 576.19 576.81 175685. 175684, 115684. 576.22 -e03

12 574. 68 576.23 516.86 178283, 178284 . 178285, S5TEe21 «02

1960 1 515.31 576.56 577.09 165811. 165839. 165842, 576.54 .02
2 575.81 576.11 511.19 140574, 148586, 148586. 516.79 -+02

3 515. 19 516.41 577.01 166350. 166319, 166316. 576. 50 -«03

4 575.22 516.66 5T7TT7e26 111206 . 111223. 177226. 576.11 ~e05

5 515.16 577.35 578.02 193113. 193144. 193150. 577.36 -a01

b 576.23 517.82 578.52 158727 198745, 198748. 511.86 ~e 04

1 516.49 518.13 570.86 205058 . 205069. 205071, 578. 14 -~ 01

8 516.59 578.25 579.00 207113, 201116. 207716. 578. 25 . 00

9 516.42 578.09 57H.84 206118. 206107.  206105. 518.11 ~a02

10 516.13 517.81 51b.56 203555, 203542, 203539. E.11.84 ~«03

11 575.77 571.42 518.14 197011. 196993. 196990. 511.46 -.04

12 575.85 517.38 578.05 190496. 190503. 190504. 511.42 ~al &G

1961 1 575.90 571.25 511.85 118141. 118736. 118735. 517.25 . 00
2 575.34 516.90 577.56 186265. 186239. 186237. 516.85 o 05

3 575.21 516.92 5716319419 3. 194199. 194200. 576. 90 «02

4 575.42 517.04 577.12 190811. 1908709. 190880. 577.03 .01

§ 575.76 577.26 577.90 1K6Y78. 1B6Y9Y92. 186944. 577.28 -2

[£) 515.80 517.29 STT493 186603 186600. 186600. 511.29 -.00

7 515.82 577.36 518.02 190254. 190258. 190258. 517.38 ~s02

8 575. 80 511.34 578. 01 190348. 190345. 190345, 571.31 -+03

9 515.66 511.22 577.90 190312. 190305. 190304. 511.26 -.04

10 575.40 577.04 511.74 192258. 192247. 192245. 577.10 -.06

11 515.13 516.83 577.55 193045. 193035. 193033. 576.88 -e05

12 574491 516.59 511.29 |R9009. 188998. 188996. 576.63 -e04
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